The new Cu-based bulk glassy alloys in Cu-Zr-Ti-Sn-Si alloy system were formed by copper mold casting. The critical diameter for glass formation is 5 mm for Cu 50 Zr 42:5 Ti 7:5 , and increases to 6 mm for (Cu 0:5 Zr 0:425 Ti 0:075 ) 99 Sn 1 and 7 mm for (Cu 0:5 Zr 0:425 Ti 0:075 ) 98:8 Sn 0:6 Si 0:6 . The minor addition of Sn or Sn and Si in Cu 50 Zr 42:5 Ti 7:5 causes an increase in the supercooled liquid region from about 40 K to about 50 K, and in the reduced glass transition temperature from about 0.59 to about 0.60.
Introduction
Cu-based bulk metallic glasses (BMGs) show important advantages as engineering materials, including high strength and hardness, large global plasticity, high thermal stability, and low material cost. 1, 2) Since the synthesis of Cu 60 Zr 30 Ti 10 BMG with the critical diameter of 4 mm, Cu-based glassy alloys have been drawing increasing attention in recent years. It had been found that binary Cu-Zr system exhibits excellent glass forming ability (GFA). [3] [4] [5] [6] Based on the binary system, the BMGs with maximum diameters of 3, 5 or 10 mm were developed for Cu 50 Zr 45 Al 5 , 7) (Cu 0:6 Zr 0:3 Ti 0:1 ) 100Àx M x (M:Y, Be, Sn) [8] [9] [10] or Cu 46 Zr 42 Al 7 Y 5 11) alloys, respectively. The small Y or Sn addition can stabilize the undercooled liquid of Cu-and Fe-based alloys, and drastically improved the glassforming ability. 10, [12] [13] [14] [15] [16] In our detailed investigation of glass formation for ternary Cu-Zr-Ti system, it was found that the BMGs can be formed in a very broad composition range from 45 to 60 at. % Cu, and Cu 50 Zr 42:5 Ti 7:5 is another strong bulk metallic glass former, except for Cu 60 Zr 30 Ti 10 . This paper intends to present glass formation and thermal stability of Cu 50 Zr 42:5 Ti 7:5 alloy, and the effect of addition of Sn or Sn and Si on the GFA.
Experiments
Alloy ingots were prepared by arc melting the mixtures of the pure Cu, Zr, Ti and Sn, Si elements under an argon atmosphere. Cylindrical rods with diameters of 1 to 8 mm were prepared from the ingots by injection casting into copper mold. In addition, ribbon samples with a cross section of 0:02 Â 2 mm 2 were prepared by the melt spinning technique. Glassy structure was examined by X-ray diffraction (XRD) using Cu-K radiation. Thermal analysis was performed with a differential scanning calorimeter (DSC) at a heating rate of 0.67 K/s. The melting behaviors of the alloys were examined by differential thermal analysis (DTA) at a heating rate of 0.67 K/s. 8 mm, for comparison the data of the melt-spun ribbon was included. It can be observed that the rod with a diameter of 7 mm exhibits the similar XRD pattern as that of the glassy ribbon. However, the XRD pattern of the 8 mm diameter rod shows several sharp diffraction peaks superimposed on a typical diffuse halo, implying that it consists of a mixture of crystalline and glassy phases. The glassy alloys exhibit a significant glass transition, followed by at least three exothermic events characteristic of crystallization. The glass transition temperature (T g ) and onset temperature of the first crystallization event (T x1 ) were marked with arrows, and T g , T x1 and supercooled liquid temperature region (ÁT x ¼ T x1 À T g ) were summaried in Table 1 . With the addition of Sn or Sn and Si in Cu 50 Zr 42:5 Ti 7:5 , T g and T x1 tend to shift a little higher temperature. The supercooled liquid region is broadened from about 40 K to about 50 K mainly due to the more significant increase of T x1 . The increase of T g and ÁT x indicates a more stable glassy phase and a more stable supercooled liquid for the glassy alloys containing Sn and Si, with respect to Cu 50 Zr 42:5 Ti 7:5 . glassy rods with the critical diameters of 1 to 2 mm can be formed. [3] [4] [5] [6] With partially substituting Ti for Zr, the glass formation was significantly promoted because Ti has a medium atomic radius in the ternary Cu-Zr-Ti system and there are large atomic size differences among Cu, Ti and Zr, for example the Goldschmidt atomic radii are 0.128, 0.147 and 0.16 nm, respectively. On the other hand, it was proposed that the addition of 1 at. % Sn or Si can destabilize the primary crystallized phase in Cu 60 Zr 30 Ti 10 or Cu 47 Ti 34 -Ni 8 Zr 11 melt. 10, 13) It is reasonable that Sn and Si might play a similar role in our Cu-based alloys, and therefore the stability of the undercooled liquids is enhanced with the introduction of Sn and Si in Cu 50 Zr 42:5 Ti 7:5 , reflected by the increase in the values of T rg and ÁT x . It is well known that the glass-forming ability is closely related to T rg or ÁT x . 17, 18) With the addition of Sn and Sn or Si in Cu 50 Zr 42:5 Ti 7:5 , the variation tendency of T rg and ÁT x agrees well with the improvement of GFA. It indicated that the relationships between GFA and T rg or ÁT x are satisfied for the present Cu-Zr-Ti-Sn-Si glassy alloys.
Results and Discussion
Alloys T g (K) T x1 (K) ÁT x (K) T m (K) T l (K) T
Conclusions
The bulk metallic glasses with maximum diameters of 5, 6, and 7 mm can be obtained for Cu 50 
